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1
AIR FILTRATION USING MANGANESE
OXIDE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application No. 61/884,627, entitled “Air Filtration Using
Manganese Oxide,” filed on Sep. 30, 2013, which is hereby
incorporated by reference for all purposes.

TECHNICAL FIELD

The present disclosure relates to air filtration.

BACKGROUND

Air filters may be used to remove contaminants, such as
solid particulate matter, from air. The air filters may be clean-
able and/or disposable. The air filters may be used in appli-
cations such as cars, air conditioners, industrial settings, and/
or other applications.

SUMMARY

In various implementations, a filter may include a substrate
and manganese oxide coupled to the substrate. The filter may
at least partially remove particles and/or predetermined
chemicals from a gaseous stream. In some implementations,
the filter may be capable of removing at least a portion of
aldehyde(s) (e.g., formaldehyde and/or acetaldehyde), ozone,
inorganic acid(s), alcohol(s), and/or ketone(s) present in a
gaseous stream.

In various implementations, a filter may include a first
substrate and manganese oxide(s). The first substrate may
include pores through which a gaseous stream may at least
partially pass. The first substrate may include a first side and
an opposing second side. The gaseous stream passing at least
partially through the first substrate may contact at least a
portion of the first side prior to contacting the opposing sec-
ond side. The manganese oxide(s) may be coupled to the
opposing second side of the first substrate. The filter may
remove at least a portion of one or more predetermined com-
pounds from the gaseous stream at temperatures less than
approximately 125 degrees Fahrenheit.

Implementations may include one or more of the following
features. The filter may remove at least a portion of one or
more predetermined compounds from the gaseous stream at
temperatures greater than approximately O degrees Fahren-
heit. For example, removing at least a portion of the prede-
termined compound(s) in a gaseous stream may include
degrading the predetermined compound(s) (e.g., via manga-
nese oxide(s) operating as a catalyst). The filter may allow the
degradation at temperatures less than 125 degrees Fahrenheit
and/or greater than 0 degrees Fahrenheit. In some implemen-
tations, at least one of the manganese oxides may include
manganese (II) oxide, manganese dioxide, and/or manganese
(IIT) oxide. The filter may include other compound(s) com-
bined with at least one of the manganese oxides. For example,
other compounds combined with manganese oxide(s) may
include an activated carbon, a zeolite, a titanium oxide, and/or
an aluminum oxide. The filter may remove particles less than
a predetermined size (e.g., via macropores with diameters
greater than approximately 50 nm, mesopores with diameters
of approximately 2 nm to approximately 50 nm, and/or
micropores with diameters less than approximately 2 nm)
from a gaseous stream passing at least partially through the
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filter. The predetermined compounds removed from gaseous
streams by the filter may include ozone or formaldehyde. The
filter may degrade ozone and/or formaldehyde to remove at
least a portion of one or more of the predetermined com-
pounds from the gaseous stream. In some implementations,
the predetermined compounds may include at least one of an
aldehyde, ozone, an inorganic acid, an alcohol, and/or a
ketone. In some implementations, the filter may include a
second substrate. The second substrate may be coupled to the
first substrate and/or coupled to the first side of the first
substrate.

In various implementations, a filter system may include
two or more substrates and manganese oxide(s). The two or
more substrates may include pores through which a gaseous
stream may at least partially pass. The filter system may
include a first substrate and a second substrate. Manganese
oxide(s) may be disposed between the first substrate and the
second substrate. The filter system may remove one or more
predetermined compounds (e.g., aldehydes such as formal-
dehyde, ketones, alcohols, ozone, etc.) from a gaseous stream
at temperatures less than approximately 125 degrees Fahren-
heit.

Implementations may include one or more ofthe following
features. One or more of the manganese oxides may be
coupled to a third substrate. The third substrate may be dis-
posed between the first substrate and the second substrate. In
some implementations, the third substrate may be coupled to
the first substrate and/or the second substrate. The third sub-
strate may include a polymer film. The first substrate may
include a first side and an opposing second side. At least one
of the manganese oxides may be coupled to the opposing
second side of the first substrate. The gaseous stream passing
at least partially through a filter system may contact at least a
portion of the first side prior to contacting the opposing sec-
ond side of the first substrate. The substrates may include a
pleated substrate, a metal honeycomb, fibers, ceramic, quartz,
polymer film, paper, and/or cotton. In some implementations,
the filter system may include one or more additional sub-
strates coupled to the first substrate and/or the second sub-
strate. The filter system may remove at least a portion of one
or more predetermined compounds from the gaseous stream
at temperatures greater than 0 degrees Fahrenheit and less
than approximately 125 degrees Fahrenheit.

In various implementations, a method of filtering one or
more gaseous streams may include allowing a gaseous stream
with a temperature greater than 0 degrees Fahrenheit and less
than approximately 125 degrees Fahrenheit to pass through a
filter. The filter may include substrates and manganese
oxide(s). The substrate(s) may include pores through which
the gaseous stream may at least partially pass. A first substrate
of the substrate(s) may include a first side and an opposing
second side. The gaseous stream passing at least partially
through the first substrate may contact at least a portion of the
first side prior to contacting the opposing second side. The
manganese oxide(s) may be coupled to the second side of the
first substrate. At least a portion of one or more predetermined
compounds may be removed from the gaseous stream as the
gaseous stream passes at least partially through the filter.

Implementations may include one or more ofthe following
features. Removing at least a portion of the predetermined
compound(s) (e.g., aldehydes, ketones, alcohols, and/or
ozone) from the gaseous stream may include degrading at
least a portion of the predetermined compound(s) in the gas-
eous stream. Degrading at least a portion of the predeter-
mined compound(s) in the gaseous stream may be performed
at temperatures less than approximately 125 degrees Fahren-
heit and/or above 0 degrees Fahrenheit (e.g., room tempera-



US 9,333,488 B2

3

ture). The predetermined compounds may include formalde-
hyde and/or ozone. Removing at least a portion of the
predetermined compounds from the gaseous stream may
include degrading at least one of formaldehyde and/or ozone.

The details of one or more implementations are set forth in
the accompanying drawings and the description below. Other
features, objects, and advantages of the implementations will
be apparent from the description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure and
its features, reference is now made to the following descrip-
tion, taken in conjunction with the accompanying drawings,
in which:

FIG. 1A illustrates an implementation of an example filter.

FIG. 1B illustrates an implementation of an example filter.

FIG. 2 illustrates an implementation of an example filter.

FIG. 3 illustrates an exploded view of an implementation of
an example filter.

FIG. 4 illustrates an exploded view of an implementation of
an example filter.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

Gas filters, such as air filters, may remove particles (e.g.,
pollen, dust mites, sand, mold, spores, animal dander, dust,
bacterial, smoke, paint pigments, and/or virus) and/or prede-
termined chemicals (e.g., ozone and/or formaldehyde) from a
gaseous stream. Gas filters may remove at least a portion of
the particles and/or chemicals in a gaseous stream in appli-
cations, such as air conditioners, air purifiers, etc.

A gas filter may remove at least a portion of the particles
and/or chemicals in a gas stream by blocking the passage of
particles and/or chemicals through the gas filter. A gas filter
may degrade and/or promote the degradation (e.g., by acting
as a catalyst or participating in degradation) of the particles
and/or chemicals in a gas stream. The type of chemical that
can be removed from a gas stream may be predetermined
based on the type of compounds (e.g., manganese oxide)
selected for inclusion in the gas filter. Gas filters may be
classified using ratings (e.g., industry ratings, government
ratings, company ratings, etc.) based on the type and/or size
of particle(s) and/or predetermined chemicals that may be
removed from a gas stream. For example, a gas filter may
include a MERV (minimum efficiency reporting value). In
some implementations, the components of the gas filter may
be selected to satisty a MERV (Minimum efficiency reporting
value) rating requested by government, industry, company,
and/or other standards.

A gas filter may include components, such as a substrate
and manganese oxide coupled to the substrate. In some imple-
mentations, a substrate may include a metal honeycomb. The
substrate may include fibers, such as fiberglass fibers, poly-
mer fibers, and/or carbon fibers. The substrate may include
ceramic, quartz, paper, and/or cotton.

The substrate may have a planar shape, a pleated shape,
and/or any other appropriate shape. In some implementa-
tions, the substrate may be at least partially planar. For
example, the substrate may include a sheet of paper and/or
thin polymer film. In some implementations, the substrate
may include accordion folded paper.

The substrate may include pores, through which a gas
stream may flow. The materials included in the substrate may
be disposed to form pores (e.g., fibers may be arranged to
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form pores). The pores of the material may sized based on the
filtration needs of a specific application (e.g., home filtration;
clean room filtration; MERYV rating required by government,
industry and/or company standards; etc.). For example, a
metal honeycomb may be utilized to capture nanoparticles
from a gas stream. As another example, polymer and/or fiber-
glass fibers may be included in a substrate for a gas filter used
in a residential air conditioning system.

The materials included in the substrate may be selected to
not substantially deform and/or degrade in the operation tem-
peratures. For example, the gas filters may be utilized in room
temperature (e.g., less than approximately 125 degrees Fahr-
enheit and/or greater than approximately 0 degrees Fahren-
heit). The material(s) included in the substrate may not sub-
stantially degrade and/or deform at room temperature when
used in air conditioners, for example.

The substrate may be capable of physical separation. For
example, particles and/or chemicals larger than the pores of
the substrate may be retained by the substrate and/or at least
partially blocked from passing through the substrate. The
substrate may include characteristics (e.g., pore size, number
of pores, wet strength, flow rate, etc.) that affect the ability of
the substrate to physically and/or chemically remove par-
ticles and/or chemicals from a gas stream.

The substrate may be capable of chemical separation and/
ordegradation (e.g., promotion of degradation). For example,
the substrate may include one or more portions capability of
absorbing, chemically attracting, and/or otherwise coupling
with one or more compounds (e.g., ion exchange resins, acti-
vated carbon). In some implementations, the substrate may be
embedded and/or otherwise impregnated with one or more
materials to facilitate physical separations, chemical separa-
tions, and/or degradation of predetermined chemicals. The
substrate may be inert (e.g., at least one of the materials that
is included in the substrate does not promote chemical deg-
radation). In some implementations, although a material that
is included in the substrate is inert, a component (e.g., man-
ganese oxide) coupled to the substrate may not be inert and
may promote degradation of predetermined chemicals and/or
chemical separation.

The filter may also include manganese oxide to facilitate
degradation of one or more compounds. The manganese
oxide may include manganese (II) oxide, manganese dioxide,
and/or manganese (III) oxide. The manganese oxide may be
in granular form, particle form, nanoparticle form, included
in nanoparticles, and/or other form. The manganese oxide
may be combined (e.g., mixed, bonded, etc.) with one or more
other compounds (e.g., binders, encapsulators, catalysts, and/
orother compounds). For example, the manganese oxide may
be combined with titanium oxide(s) and/or aluminum
oxide(s).

The manganese oxide may be a catalyst. For example, the
manganese oxide may promote and/or participate in the deg-
radation of one or more compounds in the gas stream. In some
implementations, a gas stream, such as air may include form-
aldehyde and/or ozone. Formaldehyde may be present in the
air due industrial contamination, seepage from products such
as furniture, and/or other sources. Since formaldehyde is
described as a known carcinogen by regulatory agencies,
such as the National Toxicology Program, removal of at least
a portion of the formaldehyde from a gas stream such as air
may improve the quality (e.g., odor and/or toxicity) of the air.

The manganese oxide may act as a catalyst in the degrada-
tion of formaldehyde. For example:

Mn, O +CH,0—Mn,O, ;+2H+CO,; and
Mn,O, ;,+2H+0,—Mn,O,+H,0;
where x=1-2 and y=1-3.
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Thus, the manganese oxide may act as a catalyst in the
degradation of formaldehyde to water and carbon dioxide. By
including manganese oxide(s) coupled to a substrate as a gas
filter, the degradation of formaldehyde may be promoted
(e.g., via the manganese oxide catalyst); and thus, at least a
portion of formaldehyde present in a gas stream may be
removed.

In some implementations, a gas stream may include com-
pounds, such as ozone. Ozone may be present in the air due to
industrial contamination, natural presence in air, and/or from
other sources. Since ozone may be described as an irritant by
regulatory agencies, for example, removal of at least a portion
of the ozone in a gas stream, such as air, may improve the
quality (e.g., odor and/or toxicity) of the air.

Manganese oxide may act as a catalyst in the degradation
of other compounds, such as ozone. For example:

20;—>30,, in the presence of Mn,O,, where x=1-2 and
y=1-3.

Thus, manganese oxide may act as a catalyst in the ozone
degradation to oxygen. By including manganese oxide
coupled to the substrate as a gas filter, the degradation of
ozone may be promoted; and thus, at least a portion of the
ozone present in a gas stream may be removed.

In some implementations, manganese oxide in the filter
may be capable of degrading compounds, such as aldehydes
(e.g., formaldehyde and/or acetaldehyde), inorganic acids
(e.g., inorganic acids including chlorine, fluorine, and/or sul-
fur dioxide, such as hydrochloric acid, hydrofluoric acid,
and/or sulfuric acid), alcohols, and/or ketones.

By utilizing a filter that includes manganese oxide coupled
to a substrate, the catalytic properties of the manganese oxide
may be utilized at room temperature in improving the quality
of'the air (e.g., when compared to a quality of the air prior to
entering the filter). In some implementation, since a gas filter
used in an air conditioner will filter air at a temperature
proximate room temperature (e.g., less than 125 degrees
Fahrenheit and/or greater than O degrees Fahrenheit). For
example, room temperature may include ambient tempera-
ture plus or minus the cooling and/or heating capacity of a
device (e.g., air conditioner and/or air purifier). A catalyst that
operates at room temperatures and pressures may be utilized
with the gas filter, in some implementations (e.g., if a catalyst
needs substantially higher and/or substantially cooler tem-
peratures to promote degradation, then the cost to achieve the
degradation may be increased and/or user satisfaction may be
decreased since the air temperature may be cooled and/or
heated to aid degradation).

In various implementations, manganese oxide(s) may be
coupled to the substrate. For example, the manganese
oxide(s) may be embedded, coated, affixed, bonded, and/or
otherwise coupled, as appropriate. FIG. 1A illustrates an
implementation of an example filter 100. As illustrated, the
filter 100 includes a substrate 110. The substrate 110 may
include fiberglass fibers 120. The fibers 120 may be disposed
in the substrate 110 such that the substrate includes pores 125.
Manganese oxide 130 may be coated on at least a portion of
one or more of the fibers 120 of the substrate 110. As illus-
trated, other compounds 140 may be coupled to at least a
portion of one or more of the fibers 120 of the substrate 110.
The other compounds may include compounds for physical
and/or chemical separations of compounds from a gas stream.
For example, the other compounds 140 may include activated
carbon, zeolites, and/or other compounds, as appropriate. The
filter may include a frame 150 to which the substrate is
coupled. The frame 150 may facilitate placement of the filter
in an environment (e.g., air conditioning systems, heat
pumps, ventilation hoods, and/or air purifier). The frame 150
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may increase the rigidity of the filter 100. For example, the
frame may include a cardboard, metal (e.g., aluminum), plas-
tic, and/or a wood frame.

Although a specific implementation of a filter is illustrated
in FIG. 1A, other variations may be utilized, as appropriate.
For example, the frame may be a portion of the substrate or a
different part of the filter. The frame may couple to one or
more edges of the substrate. In some implementations, the
fibers of the substrate may be embedded with manganese
oxide. The substrate may not include fibers. The substrate
may include a metal structure with pores, such as a metal
honeycomb structure. The substrate may include paper, in
some implementations. In some implementations, the filter
may not include other compounds. In some implementations,
the substrate may include a high efficiency filter. In some
implementations, the manganese oxide and/or one or more
other compounds may be coated on a downstream portion of
the filter. For example, the manganese oxide may be coated on
a first side of the filter. The second opposing side of the filter
may contact a gas stream drawn across a filter prior to the first
side of the filter. By allowing the manganese oxide and/or
other compounds to be coupled to a downstream portion of
the filter, the effective life of the manganese oxide and/or
other compounds (e.g., the time period during which the
manganese oxide and/or other compounds adhere to the sub-
strate and/or is able to degrade one or more predetermined
compounds) may be increased. In some implementations, by
coupling the manganese oxide and/or other compounds to a
downstream portion of the filter, dust and/or other particles
from a gas stream drawn across the filter may not coat and/or
at least partially cover the manganese oxide and/or other
compounds. Coating (e.g., fouling of the filter) of the man-
ganese oxide and/or other compounds by particles may inter-
fere with the degradation abilities of the manganese oxide
and/or other compounds since the particles may block inter-
action of the manganese oxide and/or other compounds with
the gas stream.

In some implementations, the manganese oxide may be
coupled to the substrate by coating the substrate with man-
ganese oxide. For example, the fibers of a substrate (e.g., a
high efficiency medium) may be directly coated. Coating the
manganese oxide may include utilizing a binder to couple the
manganese oxide to the substrate. In some implementations,
a thermal process may be utilized to inhibit release of the
manganese oxide from the substrate. The coating
technique(s) may be selected to satisfy operational param-
eters (e.g., use in room temperature, use for a predetermined
period of time such as 3 months, and/or use in a predeter-
mined pressure).

In some implementations, the manganese oxide may be
coupled to a first layer and the first layer may be coupled (e.g.,
bonded) to the substrate.

In some implementations, the substrate may include a
pleated medium. FIG. 1B illustrates an implementation of an
example filter 175. As illustrated, the filter 175 includes a
substrate 110 and a frame 150 to which the substrate is
coupled. The substrate 110 includes a pleated medium. For
example, the substrate 110 may include an accordion pleated
paper filter. The manganese oxide 130 may be coated and/or
otherwise coupled on portions of the substrate 110. As illus-
trated, the manganese oxide 130 may be coated on various
portions of the pleats of the substrate 110.

Although a specific implementation of a filter is illustrated
in FIG. 1A, other variations may be utilized as appropriate.
For example, the filter may include more than one substrate.
The filter may include other compounds coupled to the sub-
strate. The frame may be a portion of the substrate. The
pleated medium may include fibers coupled to the pleated
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medium and/or forming the pleated medium. In some imple-
mentations, the manganese oxide may be embedded in a thin
film coupled to the pleated substrate.

During use of'the filter, such as the filter described in FIGS.
1A and/or FIG. 1B, the filter may be disposed in a device, for
example, in an air conditioning system and/or an air purifier.
A gas stream, such as air may be blown and/or drawn across
a filter by a blower, for example. At least a portion of the air
may contact one or more portions of the substrate, manganese
oxide, and/or other compounds. As the air or portions thereof
contact the manganese oxide, the manganese oxide may cata-
lytically promote one or more degradation processes of one or
more of types of chemicals, such as one or more aldehydes
such as formaldehyde, ozone, one or more inorganic acids,
one or more alcohols, and/or one or more ketones. The type of
chemical(s) that may be degraded by the filter may be prede-
termined by the compounds (e.g., manganese oxide, activated
carbon, and/or zeolite) coupled to a substrate of the filter. As
air or portions thereof contact the other compounds, compo-
nents of the air (e.g., particles and/or chemicals) may be
chemically and/or physically separated from the air. At least
aportion ofthe air may be able to pass through the pores of the
substrate, in some implementations. The quality of the air
may be improved (e.g., compared with unfiltered air).

FIG. 2 illustrates an implementation of an example filter
200. As illustrated, the filter 200 may include a substrate 210.
The substrate 210 may not include a frame. The substrate 210
may include pores at a predetermined size. For example, the
pore size may be selected to obtain a specified MERYV rating.
The pore size may be selected to remove a predetermined
listing of particles and/or chemicals. The substrate 210 may
include a sheet, such as membrane, paper, and/or other thin
film. The manganese oxide 220 may be coupled to the sheet of
the substrate 210. For example, at least a portion of the sheet
210 may include a tackiness that couples to the manganese
oxide 220. The manganese oxide may be coated in a regular or
irregular pattern. For example, the manganese oxide may be
sprayed onto a tacky substrate in an irregular pattern. In some
implementations, the manganese oxide 220 may be embed-
ded in the sheet 210.

Although a specific implementation of a filter is illustrated
in FIG. 2, other variations may be utilized, as appropriate. For
example, the filter may include other compounds. The filter
may include fibers. In some implementations, the manganese
oxide may be coupled to a surface of the substrate.

FIG. 3 illustrates an exploded view of an implementation of
an example filter 300. As illustrated the filter 300 may include
a first substrate 310 and at least one second substrate 320. As
illustrated, manganese oxide 330 may be disposed between
the first substrate 310 and the second substrate 320. For
example, the manganese oxide 320 may be a powder that is
dispersed between two layers of substrate (e.g., first substrate
310 and second substrate 320). The manganese oxide may be
coupled to one of the substrates and/or coupled between two
substrates.

Although a specific implementation of a filter is illustrated
in FIG. 3, other variations may be utilized, as appropriate. In
some implementations, the manganese oxide may be dis-
posed on a third substrate. For example, the third substrate
may be a webbing. The third substrate may be disposed
between the first substrate 310 and the second substrate 320.
One or more of the substrates may be coupled (e.g., to each
other and/or to a frame).

FIG. 4 illustrates an exploded view of an implementation of
an example filter 400. As illustrated the filter 400 may include
a first substrate 410 and at least one second substrate 420. As
illustrated, the first substrate 410 may include a substrate with
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fibers (e.g., a metal honeycomb and/or fiberglass fibers) and
the second substrate 420 may include a pleated substrate. The
pleated substrate may include a pleated paper and/or fiber-
glass substrate. As illustrated, manganese oxide 330 may be
disposed between the first substrate 310 and the second sub-
strate 320. The manganese oxide 330 may be coupled to one
of' the substrates and/or coupled between two substrates. For
example, the manganese oxide 330 may be coated to the first
substrate.

Although a specific implementation of a filter is illustrated
in F1G. 4, other variations may be utilized, as appropriate. For
example, the first substrate may be a pleated substrate. In
some implementations, the manganese oxide may be dis-
posed on a third substrate. For example, the third substrate
may be a thin polymer film. The third substrate may be
disposed between the first substrate 310 and the second sub-
strate 320. One or more of the substrates may be coupled (e.g.,
to each other and/or to a frame). During use, air drawn across
the filter may contact the first substrate prior to the second
substrate. In some implementations, air drawn across the
filter may contact the second substrate prior to the first sub-
strate. The substrates in the filter may be ordered to improve
filtration properties (e.g., when compared with other sub-
strate orders). For example, dust and/or other particles may be
removed from a gas stream by the first substrate. Thus, dust
may be inhibited from at least partially coating the manganese
oxide.

In some implementations, a filter may include a first sub-
strate and one or more additional substrates. A first substrate
may include manganese oxide coupled to at least a portion of
the substrate. For example, the first substrate may include a
porous metal substrate with manganese oxide coupled to
portions of the metal substrate. The filter may include one or
more additional substrates. For example, additional sub-
strates may include photo absorptive filter, particle filter,
chemical filter, and/or other types of filters as appropriate.
The first substrate may be disposed proximate the second
substrate such that during use, a gas stream may at least
partially pass through the pores of the first substrate and the
second substrate. For example, a gas stream may first at least
partially contact a first substrate and the manganese oxide on
the first substrate may promote formaldehyde and/or ozone
degradation. Then, the portion of the gas stream that passes
through the first substrate may contact at least a portion of one
or of the second substrates. At least one of the second sub-
strates may remove one or more particles and/or chemicals, in
some implementations. At least one of the second substrates
may be photoabsorptive, in some implementations. Thus, the
first substrate may be combined with one or more additional
substrates in the filter to increase the quality (e.g., based on
quantitative measures, such as ratings including MERYV rat-
ings) of the gas stream that passes through the filter.

In some implementations, the substrate to which the man-
ganese oxide is coupled may not cause a substantially pres-
sure drop in the gas stream. The substrate to which the man-
ganese oxide is coupled may cause a pressure drop in the gas
stream, in some implementations.

In some implementations, the substrate may include a thin
film that may be coupled (e.g., bonded or otherwise affixed) to
another existing filter. For example, the substrate with a man-
ganese oxide coupled to the substrate may be applied to an
existing filter. The substrate with coupled manganese oxide
may be tacky and may be bonded or otherwise coupled to the
existing gas filter, in some implementations. The substrate
may provide additional gas stream quality improvement (e.g.,
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via promotion of degradation of one or more compounds),
when compared to using the existing filter without the sub-
strate.

In various implementations, a filter may be positioned in a
system, such as an air conditioning system and/or ventilation
system. A blower may generate a gas (e.g., air) flow. The gas
flow may be allowed to flow to the inlet of the filter. The gas
flow may contact at least a portion of the filter. If the gas flow
includes formaldehyde and/or ozone, degradation of at least a
portion of the formaldehyde and/or at least a portion of the
ozone may be promoted by manganese oxide coupled to a
substrate of the filter. At least a portion of the gas flow may be
allowed to pass through pores ofthe filter. In some implemen-
tations, one or more particulates and/or other predetermined
chemicals may be removed from the gas stream. The quality
of the gas that passes through the pores of the filter may be
improved (e.g., less particulate and/or less of the chemicals
when compared with gas flow at the inlet of the filter).

In various implementations, the manganese oxide(s) may
be coupled to the substrate of a filter such that a substantial
portion of the manganese oxide(s) remains coupled to the
substrate during use. For example, rather than utilizing a
weak tackifier to couple the manganese oxide(s) to the sub-
strate, which may allow the manganese oxide particles to flow
off the substrate when a gas stream is allowed to flow through
the filter, an adhesive, bonding agent, or other coupling
mechanism that is strong enough to allow a substantial por-
tion of the manganese oxide coupled to the substrate to
remain coupled to the substrate may be utilized.

Various described processes may be implemented by vari-
ous described systems. In addition, various operations may be
added, deleted, and/or modified. In some implementations,
one or more of the described process may be performed in
combination with other processes and/or operations of pro-
cesses.

Itis to be understood the implementations are not limited to
particular systems or processes described which may, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular imple-
mentations only, and is not intended to be limiting. As used in
this specification, the singular forms “a”, “an” and “the”
include plural referents unless the content clearly indicates
otherwise. Thus, for example, reference to “a manganese
oxide” includes a combination of two or more manganese
oxides; and, reference to “a substrate” includes different
types and/or combinations of substrates. As another example,
“coupling” includes direct and/or indirect coupling of mem-
bers.

Although the present disclosure has been described in
detail, it should be understood that various changes, substi-
tutions and alterations may be made herein without departing
from the spirit and scope of the disclosure as defined by the
appended claims. Moreover, the scope of the present appli-
cation is not intended to be limited to the particular embodi-
ments of the process, machine, manufacture, composition of
matter, means, methods and steps described in the specifica-
tion. As one of ordinary skill in the art will readily appreciate
from the disclosure, processes, machines, manufacture, com-
positions of matter, means, methods, or steps, presently exist-
ing or later to be developed that perform substantially the
same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized
according to the present disclosure. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.
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The invention claimed is:

1. A filter comprising:

a first substrate comprising pores through which a gaseous
stream may at least partially pass, wherein the first sub-
strate comprises:

a first side; and

an opposing second side;

wherein the gaseous stream passing at least partially
through the first substrate contacts at least a portion of
the first side prior to contacting the opposing second
side; and

one or more manganese oxides comprising at least pow-
dered manganese dioxide coupled to the second side of
the first substrate;

wherein the filter is adapted to remove at least a portion of
one or more predetermined compounds from the gas-
eous stream at temperatures less than approximately 125
degrees Fahrenheit.

2. The filter of claim 1, further comprising one or more
other compounds combined with at least one of the manga-
nese oxides.

3. The filter of claim 2, wherein one or more of the other
compounds comprises at least one of an activated carbon, a
zeolite, a titanium oxide, or an aluminum oxide.

4. The filter of claim 1, wherein the filter is further adapted
to remove particles less than a predetermined size from the
gaseous stream.

5. The filter of claim 1:

wherein one or more of the predetermined compounds
comprises at least one of ozone or formaldehyde; and

wherein the filter degrades at least one of ozone or form-
aldehyde to remove at least a portion of one or more of
the predetermined compounds from the gaseous stream.

6. The filter of claim 1, wherein one or more of the prede-
termined compounds comprises at least one of an aldehyde,
ozone, an inorganic acid, an alcohol, or a ketone.

7. The filter of claim 1, further comprising a second sub-
strate coupled to the first side of the first substrate.

8. The filter of claim 1, further comprising at least one
additional substrate coupled to the first substrate.

9. A filter system comprising:

two or more substrates comprising pores through which a
gaseous stream may at least partially pass, wherein at
least two of the substrates comprise:

a first substrate; and
a second substrate; and

one or more manganese oxides comprising at least pow-
dered manganese dioxide disposed between the first
substrate and the second substrate;

wherein the filter system is adapted to remove one or more
predetermined compounds from the gaseous stream at
temperatures less than approximately 125 degrees Fahr-
enheit.

10. The filter system of claim 9, wherein one or more of the
manganese oxides is coupled to a third substrate, and wherein
the third substrate is disposed between the first substrate and
the second substrate.

11. The filter system of claim 10, wherein the third sub-
strate comprises a polymer film.

12. The filter system of claim 9, wherein the first substrate
comprises:

a first side; and

an opposing second side;

wherein at least one of the manganese oxides is coupled to
the opposing second side of the first substrate; and
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wherein the gaseous stream passing at least partially
through the first substrate contacts at least a portion of
the first side prior to contacting the opposing second
side.

13. The filter system of claim 9, wherein one or more of the
substrates comprises at least one of a pleated substrate, a
metal honeycomb, fibers, ceramic, quartz, polymer film,
paper, or cotton.

14. The filter system of claim 9, further comprising one or
more additional substrates coupled to at least one of the first
substrate or the second substrate.

15. The filter system of claim 9, wherein the filter system is
further adapted to remove at least a portion of one or more
predetermined compounds from the gaseous stream at tem-
peratures greater than O degrees Fahrenheit and less than
approximately 125 degrees Fahrenheit.

16. A method of filtering one or more gaseous streams, the
method comprising:

allowing a gaseous stream with a temperature greater than

0 degrees Fahrenheit and less than approximately 125

degrees Fahrenheit to at least partially pass through a

filter; wherein the filter comprises:

one or more substrates comprising pores through which
the gaseous stream may at least partially pass;

wherein at least one of the substrates comprise a first
substrate;
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wherein the first substrate comprises a first side and an
opposing second side; wherein the gaseous stream
passing at least partially through the filter contacts at
least a portion of the first side prior to contacting the
opposing second side; and

one or more manganese oxides comprising powdered
manganese dioxide coupled to the second side of at
least one of the first substrates; and

removing at least a portion of one or more predetermined

compounds from the gaseous stream as the gaseous
stream passes at least partially through the filter.

17. The method of claim 16, wherein removing at least a
portion of one or more of the predetermined compounds from
the gaseous stream comprises degrading at least a portion of
one or more of the predetermined compounds in the gaseous
stream.

18. The method of claim 16, wherein one or more of the
predetermined compounds comprises at least one of formal-
dehyde or ozone.

19. The method of claim 18, wherein removing at least a
portion of one or more of the predetermined compounds from
the gaseous stream comprises degrading at least one of form-
aldehyde or ozone.



